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CCVA1EMTLY COUPLED TROPONIN COMPLEXES 

Field of Invention 

The ::ese:.: invencion reiaces ceneraliv to 
clinical ::.e^i5 :ry . In particular, :: relates :o 
scacii: :e.: crrccnin complexes useful in the 
diagnosis z i myocardial infarction cr ether 
:£:r.ex: : events. 

Cross-fief eren tea to Related Applications 

This application is a continuation-in-part of U.S. 
Serial ::o. 1 = 563,45c, filed May 29, 199~ and •: j . S . 
Serial Mr. :• r 5~4,5~c, filed on June 13, 1997. 

E a c ;-: :: r r u r. d : z tne Invention 

7ne ler.T.maticn zz tne tiesenie :r amuuni : f 
t e r t = i * . z n s 1 1 t e n t 3 a n a 1 v t e 5 :_ := ; s e : \. 1 in tne 

:.: z a s . s : : _ s e a s e c h y s t h _ v el . - c e i h - i . 



serut, plasma, spinal iiuid or urine, censve are used 
in clinical laboratories. These compos i t ions assist' i: 
the determination of whether the clinical 

25 instrument at icn and procedures used by the laboratory 

to measure the constituents are accurate. These 
compositions are also used to calibrate the clinical 
devices which measure the- amount or presence cf the 
constituent in a sample. These compositions will be 

30 referred to hereinafter as control compositions or 

controls . 
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In addition, it is important that the analyte 

or ana Lyte anal:-; present in the control 
compos;:;:: behave similarly t a the corresponding 
analyte t: be :es:ej for in a patient's bodily 
fluid — "hat t a , the control ccnpcsicicr. should 
mimic the patient sample. 

P.acid and si -pie tests that can be used to 
accurately ciarnise the occurrence of myocardial 
infarction ( xv 1: 1 " cr distinguish ether ischemic events 
such as unstable angina are extremely important. 
C a rata a troponin I (cTnli an:i troponin T have reaantiy 
become establ_snec as "he markers if choice in 
evaluating carciaa distress. See, New England Journal 
cf lledicme Yal^me 225 :io . IS, pages 1 34 2- 1 24-?, Amman 
et al. at:; pages 1221-1141, Inman et al. 

T n e T r ? c v. - r. c a rr o 1 e v. 1 a a r e s e n i n c ~ — ' s a a 1 ^ t a 1 
a n i a a r a _ a : a. a a a 1 e s a:. :: a a n a i a a a : f three a u a v. nit--, 



Ine tr :r;:y of tne research mat ane tropin in 
complex has centered around the regulatory function and 
structure of the troponin complex in skeletal muscle. 
The troponin complex assists in muscle contraction. 
The TnC molecule has four binding domains to bind 
divalent metal ions. The Ca++/Mg++ binding sites are 
in the COOK terminal region and the Ca++ binding sites 
are in the amino terminal region. In studies of 
skeletal muscle, in the absence of Ca++, the amino 
terminus of Tnl binds to the. COOH terminus region of 
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30 



and to the globular COOH t 



3 

er minus region of TnT , 
Tnus, researcn indicates that Tnl and TnC are anti- 
— ^ and TnT are anci-oa raiiei . The 



presence : : calcium ion increases the TnC ami": 
:er ' T - ir ' :5 ::,T " :: -' 5 affinity for the inhibitory and COOH 
reckons o : Tnl. In addition, there is a hydrophobic 
our.^ce m tne terminal domain of TnC chat rec resent; 



10 to 



-ne regulatory mecnanism and Ca + r i ndeper.de 
eractions rr.aintain the structural intecritv 

" :c c : r. : r. rccpiex in its r e c u I a 1 i z n c f s k e 1 — ~ => * 



u n em . 



troponin i to troponin C thiti mutants 
269, 5725-5723. In addition Leszyk e t al. ( 1 99 ~ • Cross- 
linking of raccic skeletal muscle troponin with the 
25 phctoac: i ve reagent 4 -ma 1 em id oben zoo he none ; 

identification of residues in troponin I that are cios- 
to cystein-33 of troponin' C. Biochemistry 26, 7042- 
7047, reported that the main product of cross-linking 
between TnC and skeletal muscle Tnl comprises segments 
derived from the N- termina 1 regulatory domain of TnC 



OCIO- cWO 9854219A1> 



WO 98/54219 



PCT/US98/105I3 



4 

(residues 46 to 78) and the inhibitory region of 
skeletal Tn; {residues 96-116}. The Troponin complex 
is also referred :o herein as the ternary complex. 

U.S. 08 3 65, 4 63, filed on May 29, 1957 and also 
5 owned by applicant, discloses that: i t had been 

discovered c'r.a: the majority of native cTnl m human 
serun -after an MI is associated with TnC and TnT. The 
oreser.ee of Tn I in a complex with other troponin 
submits in 1:1 patient serum increases its stability 
10 ana protects it from further degrade! i-on . In addition 

the troponin complex protects the sites where cardiae- 
soecific antioocies bind. U.S. 03/365,463, filed on 
lMav 29, 195" also discloses methods to isolate the 
complex from. MI patient serum. 
15 The a a r a 1 a a . i = : t ype :f the my a f it r i _ _a r 

ttntrartile artiem, ^mcmi • 7 '"Tnl" , is ur. - T- : - -• .' 
It rate:: in tardiat t,sne. Tnl is tne mnic :y sat- 

:f 7 a : r t n _ :a . a thin i-Lemeh.a : e :: 1 a t : a / ar:ae\:\ 
jtmo_ex, a::, teas a e n a a 1 1 v 1 1 / a; tne 

20 eardaaa ana: striated rn.ua ale. Trepan an 7 exists in tnr-e 

isoforms: two skeletal Tn7 (fast and slow- i so ferns 
(Molecular Weight = 19,300 daltons) and a cardiac Tnl 
("cTnl") iscform with an additional 31 residues (human 
Tnl) on the M-terminus resulting in a molecular weight 
25 of 2 3,0 00 daltons. 

Cardiac Tnl is found in human serum rapidly 
(within approximately 4 to 6 hours) following an MI. 
It reaches a peak level after approximately 18-24 hours 
and remains at elevated levels in the blood stream for 
30 up to 6 to 7 days. Thus, immunoassays which can test 
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for human cTn 1 are valuable to the medical community 
and co the cue lie. 

It is desirable to use an immunologically reactive 
human cTr.l iscfer^ comparable to that found in M I 
patient serum. We found that MI cacient serum contains 
Tnl fragment's- which is the result of the C-cerminal 
processing : f ;Tr.I molecule. The high sequence 
h :t.:; ::*y f:und in tne C-terminaL region between :araia: 
Tnl and skeletal muscle Tnl (Larue at a 1 . 1992 Moiec. 
Immunology 19, 271-273, Vaiiins et al. 1590 FE35 Lett. 
271, 5 7-11, Leszky et ai. 1913 Biochemistry 27, 2521- 
252~; produce Tnl antibodies directed against this 
region having nrn-tardiac specifici-y (Larue et al. 
1592 . lur daia and Larue ec al. 1592 suggest that 




2 u r r a n " 1 . i 1 r. 1 i mm - n : a a a a y a are :; t m me r £ i a 1 y 
available from Dace International, Behring Diagnostics, 
and Sanofi Pasteur Diagnostics. The Dade product is the 
Stratus® Cardiac Troponin-I assay. 

Native intact human cTnl is difficult to obtain 
because of the scarcity of human heart and native 
intact human cTnl is highly subject to proteolytic 
degradation during purification. Recombinant cardiac 
Tnl ("r-Tr.I"), unlike the native human cTnl, can be 
produced and purified in acceptable quantities. As 
expressed by Dade, the primary structure of r-Tnl 



WO ^8, 54219 



PCT/LS98/I0SIS 



6 

ccncains 226 amino acids !3EQ ID NO: 1) ; 209 of them 

represent che Tr.I sequence (SEQ ED NO: 2). In addition 
co che primary sequence of cTnl { 5 E-Q ID NO: 2), r-Th~, 
as expressed cy Dade lace mac iona 1 , has a Leading 

5 sequence of 3 ammo acids ( MASMTLWM ) on che M-oerminai, 

and a tail sequence of 9 ammo acids ( PMVHHHKHK'- on che 
3- terminal (SE-1; ID MO: I ) . The primary structure of 
one molecule has me c nice me residues a c positions 

-7, -4, 0, 155, 154, 200 and 211 (SEi ID NO: 1;. ' See 

10 also Eigure 1 . 

Full length cardiac troponin I is known oc 
have one following sequence: 

A D G 3 3 D AA R E ? R ? A ? A r I R R R S 3 N Y R A *i ATE? H A K r * K 3 '< I 5 A 5 R K 1 Q ! K 7 
LUG I Ar'GELEREAEER ?. GEr'GRALST RGQ PLELTG1G EAELQDLO RQLH 




a 1 . , : i:; i E :•: :: r e s s i 

20 7er.e. 1 3 1 1 :lc~-HO . 

U.S. Serial N o . 08 /' 554 , 52 o , also owneo by 
applicants, and incorporated herein by reference, 
discloses the use of a human cTnl fragment generated 
from human r-Tnl cy chemical cleavage. The cleavage of 

25 r-Tnl by cyanogen bromide (CN3r) results in a major 

polypeptide of 153 amino acids, hereinafter referred to 
as the "CN3r-cTnI iscform ,; (SEQ ID MO: 3) . See Figure 
2. The CMBr-cTnl isoform represents 73% of the primary 
structure of human cTnl and is immunologically more 

30 reactive than r-Tnl . The purified CNBr-cTnl isoform 



. s ;• n e r l 
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has an average of 3-4 cimes more reactivity than r-Tnl 
and lower non-specific binding, as measured by radial 
parciticn immunoas say . The molecular size of the CNBr- 
:Tn I iscform is comparable in molecular weigh" co the 
ma ] c r degradation product c : native cardiac Tr.I in MI 
pacienc serum. 

It ii desirable to use. an immune L 2 c ica 1 1 y reactive 
r. urn a r. :Tr. I i;:ij:~ :abU :o mac deteccec in M I 

patient serum. The availability of r-Tni can :a:iiicare 
che pr:cu::::n of cardiac cTnl isoforms. Mere ever , 
since mcsc :: the known human cardiac specif: : Tnl 
antibodies have their epitopes located, ape roxirtately in 
firs: i if z he Tnl molecule, char porcicn of the 
molecule will function as a cTnl tsoform m most 
n c a s s a vs . 

' a = c a 1 i r r a t c r = 
: as 3 a vs . 



a . salience : v: n e r e i n 



acias 1-2- if c u - 1 ier.::c 



cardiac troponin I, A comprises residues 23-63 of 
full length cardiac troponin I, 3 comprises amino 
acid residues 70-30 of full length cardiac 
troponin I, and i comprises any sequential amino 
acid sequence of amino acid residues 91-170 of 
full length cardiac troponin I. These sequences 
also have increased immu no react i vi cy and stability 
over prior art compounds. 
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Tropor.ir. T (TnT ) with a molecular weight of 39, 000 
Kc 13 ?arc of che -ropcnin-t r opomy c sin complex of the 
chin filament that is part of the muscle contractile 
apparatus ar.i that contains actin and tropomyosin 
5 regulatory elements. Skeletal muscle studies of TnT 

have found that TnT is structurally asymmetric. Its 
terminal gitcuiar COOH -terminal domain ' TnT - 2 " mediates 
its interact!" with Tnl enc TnT. TnT- 1 at tne ammo 
terminus comam interacts with tropomyosin. See, Farah, 

10 3 " and P-sinash, = • (1355) Review: The Troponin complex 

and regulation tf muscle contraction. FASES Journal 9 
~ 5 5-7 57. it is reported that skeletal TnT is cleaved 
into tne skeletal TnT- 1 and T r.T - 2 T n I -T nC fragments by 
mild proteolysis. Schaertl, 5. et a:. ,'1995; 

15 Separat ?.-; : - a r a z t e r i z a 1 1 c n tf the Tv:: Fun 1 1 1 - - a ' 

r.erulat: . ' - : : : . ; 34 .: .'■ 1 : f .- . • 1 . - ; 4 . - 

^- " : ^ • tne t r ■ p : m . " = .. : . t a .: -:r :na an- 

rar::: = _- ant fas: and sl:w skeletal mis ties. It appears 
in serum about I hours after the onset of chest pain 
and remains elevated for at least 10 days following Ml. 
Despite its lack of complete cardiac specificity it can 
be useful because of its rapid appearance into the 
bloodstream. Troponin T can be obtained as described 
in J. 3icchem. 12: pages 723-735 (1972) or J. Biol. 
Chem. 249: 4742-4743, or purchased commercially. TnT 
gene promoter and derivatives thereof are disclosed in 
U.S. 5,266,433. TnT isoforms of skeletal muscle show 
variation in a given species in about a 30 amino acid 



25 



30 
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region of the amino terminus and about a 14 amino acid 
region ;: the carbcxy terminus. Pan, 3.5. an: Potter, 
J . 2 . ; 1 -P r 2 : T w Genecicaiiy Expressed Troponin 7 
fragments Representing a and p I so forms Exhibit 
Functional Differences. Journal of Biological 
Cne-is ::y 267 (32- 23052-23056. 

Tn vi :r: stabilize: solutions for cardiac markers 
nave been :;s:i;5e:. U.S. 5,533,2*::: arj Boo or et =1., 
1 1 P P 2 > leve 1 cement of McnocIonaL Antibodies for an 
Assay of Cermet Troponin-! and Preliminary Results in 
Suspected Cases :: Myocardial infarction, Ciirioai 
Chemistry 38, : 1 1 } 2203-2214 at 2204 disclose 
stabilized troponin T and/or troponin I using troponin 
C end calcium itn. U.S. 5,533,200 discloses that serum 



s in s t e o i _ 1 1 1 n :: t n e - r : t ; n i r . 

~ n *.: d i :* : : s e ~ s : L t : : n 



1 - r _ a _ . : . .7 i ■; z , z - , f _ 1 e c i-: a y 2 1, Li':"" els: i s :: 1 s 
the effect of InC upon tne immunological and riological 
activity and non-specific binding of the CN3r-cTnI 
iso form, and other fragments. U.S. Serial No . OS / 5 64 , 52 6 
discloses the activity cf the complex formed by the 
CNBr - cTnl isoform, TnC and TnT as useful in 
immunoassays . 

The calibrators and controls in Behring' s OPUS® 
assay are a lyophiiized preparation of human cardiac 
troponin I in processed bovine calf serum with 
stabilizers. The reconstituted products are stable for 
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seven days when scored ac 2 to SC. The calibrators 
and controls in Sanofi Pasteur's troponin I assay are a 
iyochilized preparation in a buffered human se rum 
matrix. The reconstituted calibrators must be used 
5 within, fifteen minutes after complete recons 1 i cut ion , 

but may be alicucted and stored frozed at -20C for up 
co about six months. The calibrators and controls m 
the Dade troprnm I assay are provided frozen. When 
thawed tne procuct is stable for thirty aays v;nen 
10 stored at 2-z Z . 

Improvec me t nods and compositions of 
stabilized troponin I and/or troponin T are still 
necessary bezause under certain conditions the 
complex tan cisszziate (e.g. removal of calzium, 
1 n o ■ r e s e n z e a f a e t e r z e n t s a u z h a s SIS*. 1'. z r e z ver, 

— .a z 1 a a a r t r. a a r. a 1 y t e u a a :i in the z a ~ 
- r. a a a a u a _ a a r a a 1 a t a r. - a a a a r ~ aa t 



— :. _ r. 1 



_ a z r a ■ 



■,va_aa zzher calibrators ara casez. 



Summary of the Invention 

This invention relates to stabilized compositions 
of: troponin I and troponin C complex (TnI:TnC); 
25 troponin T and -troponin C complex (TnTrTnC); troponin T 

and troponin I complexes (TnliTnT) and troponin I , 
troponin 7, and troponin C complexes (Tnl : TnC : TnT } for 
use in immunoassay of cardiac troponins. 

Troponin I and/or troponin T can be covalently 
30 compiexed to troponin C to provide a composition that 
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has enhanced stability and/or immuncreac t ivi ty over 
prior a:: cor?.? 1 exe 5 and analyses. 

In a CnliTnC complex, the 7n I is ccva lent iv 
coupied co TnC. The troponin I may be native cr 
recombinant or may be fragmented or fuii-iencch. 

In a TnT : Tr. Z complex, the TnT is covalentiy 
tcucleri t: Tr.:. The Tr.T may ce native :: recrmbinant 
;r may re fragmented or :uU-.e:or r .. 

In a TnT : T n I complex the In I and TnT are 
covalentiy coupled. 

In a TnT : TnT: In i complex either or bo t h ; ; cr.e Tnl 
or TnT is covaiencly coupled to TnC. 

The cimclexes are useful as :alib:=:o:s :: 
controls ::-r methods cnat assay for Tnl, TnC , and/cr 
In! :r ::: ise i.s ::rimarv reference materials. 

?er sas- an::, may sum .metal i;ns a a 



I'ne ::va_e:.c scents include tnase 

coupling agents that provide sues tanciaiiy "native- 
length" covalent cross-linking between troponin T 
and /or troponin I v/ith troponin C. The term ''native- 
length" cross-linking as used herein means a szvalent 
bond formed between either troponin I or T with 
troponin Z that provides a covalentiy coupled complex 
that has substantially the* same immunological activity 
as non-cova lent 1 y coupled complex. Generally the 
length of the covalent bond should approximate the 
length between troponin I and/or T with troponin C in 
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native complex or between troponin I and troponin T in 
native complex . But, because pro:ein complexes are 
rarely rigid in structure, it is :o be understood t'r.a: 
chere is variability in the scruccure of the complex. 
5 The stability and immunological activity of the 

covaie.ntiy coupled complex are what is important. 
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Brief Description of the Figures 

z \ q u r e i s how s the a m i n c acii sequence of rardiac 
troponin as expressed by rede International (SZw 10 NO. 
1) and of cardiac tropor.i- I ( SEQ ID NC . 2). 

Figure 2 snows the a m 1 n o acid sequence of z he CHE: 
cleavage produce of recorr.binanc troponin I ( human cTr.I 
i s o f o r t. :r 7n I - 1 5 2 * . 

Figure 3 5:0/5 the stability and l.t_tup.o r e a z z i vi t v 



ed- us in: 



at 45 C :f ore ss - 1 inked r . n 1 - 1 r 3 : TnC c r xp lex = 
10 dilutions of ::r.plex. The saxples were evaiua 

a Stratus II analyzer ana Stratus Trcponin Fiu t r omet r i 
Assay Kir both available from Dace Incerna: iona 1 . 



15 



20 



ex a t ^ C . 

shows poiyacrylamide gels of cross-linked 
and non-cross i inked Comdexes of rTnI-153 : TnC . 
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Detailed Description of the Invention 

In a TnE:TnC complex, the Tnl is covaiently 
coupled to TnC. The cardiac crcpoair. I may be native 
or reecho inane and may re fragmented or full-length. 
5 * While some unccmplexed troponins can be found in human 

serum after a myocardial event, mos t cardiac specific 
troponin is found as complex. Et has been found that 
the Tnl in the complex is degraded by proteolytic 
cleavage at tne C- terminal end to provide an 13,000 Kd 

10 fragment and a 14 , 000 Kd fragment. Generally tne .14,00 C 

Kd fragment is rleaved from the 13,000 Kd fragment. 
After the cleavage tc tne 13,000 fragment, an N - 
terminus prcteolytit cleavage occurs at the carboxyi 
side cf Arg 2 0 , thus eliminating tne first 2-5 amino 

15 alios :f me ^-terminus. One 31 amine arid secuenre ^ ~ 

t *~ e I — _ — r " i ~~ s "~ 5. i c ~ e " t r o c ~ ~ e ~i ~. c ^ ^ — c ~ s 1 1 1 C 

t : tirei" an ticrcies against, :.: w ever, in is reieni 
s ;: e s m mat m : s - a : \ t :. o : i _ a s : 1 n ; n 1 y 

20 T:\is, m ii crefeirei -mat the mmclexes :: tne 

present mventim that.ctntain cardiac troponin 1 
contain at least a fragment of troponin I generated 
from the 14,000 Kd fragment. It is inherent that 
antibodies for use in immunoassay be generated against 

25 that portion of troponin I or troponin complex that 

includes the 14,000 Kd troponin I sequence. Of course, 
the antibody must react immunologically (e.g. have an 
eptitopic site on the fragment) and specifically (e.g. 
it should not substantially cross react with skeletal 
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muscle troponin I) with the cardiac troponin I or 
complex usee ir_ the calibrator or control. 

Thus, the use of a human cTnl fragment cer.erace: 
frcn hurr.ar. cardiac r-Tnl by chex.ica 1 cleavage is a 

5 preferred fracr.enc for the Tnl: Tr.C complex because it 

- s closest to tne majority of the native form . The 
:ieevace .: f r - ;:. I by cyanogen broxiae iCbiBti results in 
a ~a;tr ctlypeptide of 155 amino acids, hereinafter 
refarrai ;: as tne "CMBr-cTnl isofcrm" [5EQ ID NO: 3;. 

10 The CNEr-rTnl iscf orm represents 7 3% of the primary 

structure cf huc.an cTnl and is immunologically -ore 
reartive ::.ar. r-Tr.I as deaerminec using radial, 
partition i~mur. : is say . The purifiec CNEr-cTnl isof crrr. 
nas an avere:e :: 2 - -! ti~es more reactivity than r-7.nl 

'5 an:: i : -,. - r n :n - s p e c i f i r cir.dir.g, as measured h y ra::ial 

c a rt 1 1 i : r. i™. a n r a s 3 a y , available frtrr. lata 
: n - a r :*. i ~ i : :i a 1 Int. P.s ue.v ar.s a r a t e c i:\ TLCura .". tne 



s : : : rr is x':^:^: 



- ■ - -' . a r a t t t .". a- :* - } : r a a ;: i a a t ; : :' t r : u it : ; 

20 r. a : i " -r ; a : :: i a i 5 n 5 i :i i t a 1 1 -a n t sent', in;' rata i r. - .'; tne 

ep.tcpes far tna antibccies used ir. era Stratus! II Tnl 
Immunoassay System. (See Vallins et ai. (199C) FE5S 
Lett. 270, 57-51.) 

Generally described, the first step in cyanogen 

25 bromide cleavage is to carboxymethylate the cysteine 

residues of r-Tnl (there are two in the Tnl sequence) 
(SEQ ID NO: 1) at positions 79 and 96 in order to 
prevent diner i zat ion by inter or intra molecular 
disulfide bridges. The carboxymethy la t ion of the 

30 cysteine residues is not a pre-requis ite for the 
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generation c: the 153 amino acid isoform. (SEQ ID NO: 
3.= Pather, the c a rboxyme thy 1 a t ion. facilitates the 
process by xi n ini z i ng the conp I ica t ions during or after 
CM3r digestion. 

CM3r treat xent is carried cut on the 
carboxyrr\eihylated r-Tr.I. Unlike other possible 
:iea*;a:e reactions ( e.g. enzymatic) , che C M 3 r treatment 
removes the tail sequence, the leading sequence, and 
part of the Tnl C- terminal region without affecting the 
primary seguenze of the immunogenic sites. 

Other preferred peptides are disclosed in U.S. 
0 3 .'3 55 , 4 Sz- , filed May 29, 199~ and include cardiac 
troponin I fragments of the general sequence X-A-B-Y 
wherein >'. cm. prises any tf ammo acids 1-27 of full 

— ■* ~* ~~ "*~ ~ "O c " ' i. ""■ T — z"" 1 " crises residues 2 3 *~ ^ ~' 

:: full _enztn zardiac trtco-nin Z, 3 ztr.prises a~m: 
a z i realizes ~ - ? 1 : : full 1 e n r t n z a r a i a z 7 , 

Ereferrea residues for X include residues 1-27, 2- 
27, 3-27, 4-27, 5-27, 6-27, 7-27, 3-27, 9-27, 10-27, 
15-27, 20-27, 21-27, 22-27, 23-27, 24-27, 25-27, 26-27, 
and 27 of SEQ ZD NO: 2. More preferably, X is amino 
acid 27 of SEQ ID NO: 2. 

■ A comprises amino acid residues 28-69 of SEQ 
ID NO: 2. 5 comprises amino acid residues 70-90 of SEQ 
ID NO: 2. Preferred residues of Y include residues 91- 
92, 91-93, 91-94, 91-95, 91-96, 91-97, 91-93, 91-99, 
91-100, 91-105, 91-110, 91-115, 91-116, 91-117, 91-113, 



wo '>s.54;i i > 
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91-120, 91-121, 91-122, 91-123, 91-124, 91- 

126, 31-127, 91-123 91-129, 91-130, 91-131, 91- 
125, 91-134, 91-135, 91-135, 91-137, 91-136, 
91-1-;:, 31-141, 91-14 2, 91-14 3, 91-144, 91- 
146, 91-147, 91-143, 91-149, 91-150, 91-151, 
91-153, 91-154, 91-155, 91-160, 91-165, 91-170 
0 "iO: 2. Mere preferably, Y car. be any of 

91-10 5, 91-110, 91-115, 31-120, 3 1 - I 3 C , 

91-150, 91-15 3, 91-155, 91-161, 91-165, 
D MO : 2 . 

mciecuiar weight 14,000 Tnl fragmer. c, 
c:cl of cacienc serum, has beer. 



*. r.. 



we r 



i r. e M ■ 



che ml 14,u00 fraomer.t starts 
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is a z p r * x irr.a c e _ y i ^ -j a ~\ i n o a~ios long, sn^mQ che 
region from ecouc amino acid number 135 co abcuc 14 5 in 
intact cTnl . Thus, one preferred group of fragments 
has a as 2 5-2", 25-27 or 27 of SEQ ID MO: 2 and Y as 31 

25 to any of 13 5-14 5 of SEQ ID NO: 2. 

The fragments also may be those cardiac troponin I 
procein fragments containing the sequence 
AYATEPHAKKX5KISA5RKLQLKTLLLQIAKQEL (SEQ ID MO: 4) or 
PAYATEPHAKKK5KI5ASRKLQLKTLLLQIAKQEL (SEQ ID MO: 5) . The 

30 fragments may be recombinant sequences such as 
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MADG33 DAAR.EPRPAFAP I RRR3SN YRAYATE PHAKKKS KI SASRKLQLKTLLLQ 
lAKQELEREAEERRGEKGRALSTRCQPLELAGLGFAELQCLCRQLHARVDKVDEE 
RiDIEAKVTKMITE:ADLTQKIFOLRGKFKR?TLRRVRI5ADAN!MQALLGA?AKE 
S L DLRAH LKQVK >'.£ DTE KEN RE VGOWRKM I DAL3GMEGRXKKK FEE 5 ( SEQ 

5 ID MO: 5; ; 

ADG33GAAREPR?A?A?IRRR3SMYRAYATE?HAKKK5KISA3RKLQLKTL1LQI 

AKQZLEREAEERRGEXGRALSTRCQ ' SEQ ID MO: or similar 

human or bcvir.e fragments. I" should be under s c ecu 
cr.at while hu^an troponin is preferred, other species 
10 nay be 5ucs:::u:eci. Generally, these ether species 

lack che appropriate methionine residue in the full 
length primary structure. However, insertion of 
methionine into the primary structure at positions tnat 
uoon tieavaoe by CN£r would provide an appropriate 
15 fragment woul:: allow one use alternative species. 

T:;c:oir. 1 is cemme r : 1 a 1 1 y available fro~ a numcer 
z z s z u r t e s a .n :i t n e source _ r sceries _ a n 1 1 r : a : o a _ . 
.laterally, rat b 1 1 t r : p : n i :\ Is :se :: z e : a a 5 e :: the 
■ £. - -j - s t , r t n m a u ana s r e t l e s : a : : a ^ a _ i a 

20 use::. ro::ncinant troptn:n 1 tan aLso c e used. 

"he molecular weight of troponin C is aoout 17,500 Y.z . 
As sta tec earlier, TnC has a Ca+-/Mg+^ binding domain 
in the CCOH terminal region and a Ca + + binding domain 
in the amino terminus region and is thought to be 
25 "dumb-bell" shaped connected by a long central helix. 

The covaient coupling agents useful in the present 
invention include those coupling agents that provide 
substantially "native-length" covaient cross-linking 
between troponin T and/or troponin I with troponin C. . 
30 The preferred coupling agents form covaient bonds 
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between the Tnl or TnT and TnC chat approximate the 
distance cetween the proteins as they exist in the 
complex. The e ros s - i i nke r s may be those " zero- iervgr ;~. " 
z rcss 1 i:ue:s such .as 1 -e t hy i - 3 - ( 3 - : oine t hy 1 amino ) 
5 propyl] c a cz od i imide ( ECC ; and other water soluble 

earbcdiimices providing an amide bend between an 
activated tarbrxyi group on one protein and coupling no 
an amir. : cr:up ::. tne other protein. See, Chemistry : : 
rrctem Conjugation, and Cross-Linking, CRC Press, Inc. 
1 0 Other coupling agents such as oxalic, malonie and 

suecmic £:;j cerivatives may also be used as may many 

a a 

these available frcx. pierce Chemical Co. Che actual 
cruclir. g ager.o ised is less important than how ir.e 

15 z z ' : a 1 e n ~ 1 v r:\:o_e:i crmcle:-: c-er forma immune - ~ r i c a 1 1 *-■ ~r 

witr. rerr^r^ ~: r : ~ : : 1 : : . ween ormrare:: t: n:n- 
: : •■ f.ler t 1 / ;:.:cle'.: r:mplex, native ::t:iex :r 
;• : :r rte r. v a _ 1 a 1 1 e c 

-n^ -;-c_e:: . » prat a:; a:; cy : : :: : \:.a v : L ; : . / 

20 agent v.:::. : a n :i t r c ■:■ n i n Z i n a manner 

specific ::: the coupling agent. Cne coupling reaction 
of the CnC and Tnl should take place in the presence of 
Ca^'r or Mg-- or other divalent metal ions. The 
conditions will vary depending on the coupling agent 

25 utilized, but those conditions can readily be 

determined by those skilled in the art with reference 
to known and published methods. The choice of buffer 
is not critical, although the buffer should have a 
molarity from about 10 to 200 miM . The concentration of 

30 calcium and magnesium ion is not critical, but 
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preferably should be from about 20 to about 20 mM. 
■f magnesium lor. is used alone It should be ir. higher 
concentrations than chat used for calciun. Typical 
amounts of calcium and/or magnesium are from about 2-5 
~M. The buffer may include a sale such as sodium 
thioride or potassium chloride at from about 50 mM to 
500 mM. Tr.e amount of troponin C is ncc critical, but 
s-ouid be in molar amounts equal to or greater than the 
amount of troponin I chaz-wiii be utilized. Generally, 
-he amour- of zrcpor.in C may be from 0.02 mg/mL zo 5 
mg/m.L. The amount of coupling agent may need to be 
adjusted depending on the amount of troponin C. 

Clinically significant concentrations of diluted 
final coupled product are evaluated immunologically in 
.-. -- r --.ir. I soon aa those availac.e from Dade 

- v b -= c o mc a r e d t : rati v e 



. a t i : n a 1 .nr. a : 



• a 



:mi - e : 



. . . ^ .......... - r - - = i ; i - e •_ •'. . ' — s a :~ e 



- _ . - . - - • - " r - less then 1 
20 troponin . -- - =•--•- " - 

ug/mL and typically 0.1 no /mi to 200 ng/ml. In 
addition, stability may be determined by comparing the 
immunological activity over time at one or more 
temperatures m comparison to native complex or non- 
25 covaiencly coupled complex or commercially available 
products evaluated in the same manner or by running 
eiectrophoretic gels of the complexes to evaluate the 
stability . 

Native complex may be obtained in serum samples. 
30 In addition, native complex can be isolated. Methods 
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are known :o tr.osa skilled in the art. For instance, a 
preferred re:::: of isolating the Tn cone Lex comprises 
mcuca:-: the 5 5~p 1 e co be tesced w i c h a subs-race 
coace: .viih antibodies eo che subuni:s of the Tn 
5 complex. Many ar.: i bodies are. useful, and can be 



seiecced by one :: skill in che arc. Examples :: such 
anclboziies induce anci-Tnl, anci-TnC, and anci-TnT 
ancicodiea. .-. preferred subscrace is beads, and nore 
preferably che substrate comprises lace x beads. The 
10 bound complex is eluced under conditions that d z noc 

affecc asscciacien :: Tn subunics, e.g. using urea. 
These ::r.::::;:.5 can be determined by one of skill m 
the arc. A preferred buffer system comprises urea and 
1 a c x s SIS. 

15 -\ crafarra;; :: a gene is ZZZ -cner v:~eer 

sale a : . :. ; a 1 z z:v z : n ?. , c r : p z :\ i :\ 7 *_ = 

20 :.y:;:;yn;::x..:u^ ::.-5 3::>:S ac »::.;: 1-1. ml! -a. 

be accec :: ennanoe cne accivacion of croponxn Z by 



water sciuble carbodiimides . The NHS is cypicai ly added 
prior to the addition of EDC and incubates with the 
protein for ac lease about 5 minutes, aithough 15 

25 minutes is typical. Then the EDC is added and the 

mixture is incubated, typically at room temperature, 
for about 15 minutes, but typically for thirty minutes 
or more. The reaction proceeds best at mildly acidic 
pH values (e.g. about 6), but the pH may range from 5- 

30 9. After a sufficient reaction time,- a reducing agent 
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such as .T.erc = ?-oechanoi is added to scop the reaction. 

O the-: reducin c a genes may ce substituted for 
ne reap: ce - har. c _ . 

Next, cardiac troponin I , preferably the CM Br -In I 
5 isofom, is aided to provide a molar ratio of about 1:1 

wi c: c r open ir. Z , a 1 1 couch che amount of Tnl may be 
Less. Tr.: is generally in a buffer chac contains sale 
:: -rea s.:: ■ er: a recur. - s cc solucilice che Tnl. 

cvcical cuffer is 100 :r.:M sccium phosphate, 10 ~M Oris 
10 anc 3 :•: urea ac pH S { ?TU buffer). The choice of the 

buffer is nc c critical co ere invention. The buffer, 
hcv/ever, "use maintain the solubility of che cTnl. The 
reaccancs ' incubate , generally ac room tempera cure, for 
abcuc an ccur anc :vc:callv ac cue cwo hours. The formec 
v ce cuffer eu:nancec incc anc che r r u f f e r . 
c v : f che c r c e s - 1 c n ee :; c errc lex is measured 
- - - - - re;:, u c ~ a 3 c a . a r. :; c : me a r e e c : 



15 



?0 crel e i e c t :" : r n ;ree_e. , n e cc :cc _ e :-: ill no c d i s s c e i a c e 

uncer reccmc condicions or m cne presence of EOT A or 
ocher metal c enciexing agent . 

When using the non-specific coupling agents such 
as EDC , calcium, or magnesium ion should be presenc in 

25 either cne TnC or Tnl solution. The calcium and/or 

magnesium causes complex formation to occur. Thus, the 
complex forms as it would in native complex so the 
spatial orientation of the proteins will be comparable 
co native complex or non-covalent ly coupled complex. 

30 Thus, the cross-linking occurs more selectively and the 
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bond formed will "freeze" the complex in the correct 
con f c rma - ion . The covalentiy coupled complex is 
insensitive :c IDTA or other chelating scenes ' :hus, 
independent of calcium or magnesium), does nc: 
diss : :ia:e i n che presence of S DS , and is more 
resistant c o higher temperatures chan che non-cross- 
p lex . 

e::::;:;.:, generally the Tr/7, racner chan "he 
Tr.I :r 7x7, sncuic be subjected to E DC or ocher water 
soluble carbcdiimide r reat mentis . For in seance , if Tnl 
is activated by IDC without protection of che eci;cp:: 
sice, chere is che possibility cha: che epitocic sice 
would ce affecced c y "he non-specific coupling ace n o 
;;a: is che Tnl :r fragment would be less 
irr -n : 1 : 7 L r a 1 ly a cc Lve - 

:.ne 7x7:7x7 rcrr.pl ex an:: 7x7:7x7:7x1 crrcclex are 
:: r a c a r e :: in a =: x. 1 1 a r f a a x ; : x c : che 7 n I : 7 n 7 . 7n7 
r : i ":~ " -; n : ? . c a i c _ . ■ .: 1 a r 1 v c x a ;a ::z : x f r a gme n c a . ; x a 

: : x I- x . 7 a :x : 1 :: ce a cue a in :x x: a rr.c uncs eciai :: ; r 

ess chan che amount of cropenm C. Trcponm 7 may be 
from less chan 0.02 mg/mL to 5 mg/mL. The ranges for 
Tnl and TnT are similar . The TnT : TnC complex is 
evaluated as described for troponin I complexes, except 
using an assay fcr troponin T. Troponin T assays are 
available from Scehr mger Mannheim. 

A TnT: Tnl complex may also be ^prepared, however, 
as with the other complexes of this invention, the 
immunological (epitopic) sites must be substantially 
retained. Since both TnT and Tnl are measured 
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immunologically, it is preferred that the epitopic 

region be regained for both proteins. Thus, less ncr.- 
5 oec l::: coupling agents may be useful than acer.ts such 
as EDC or oxalic acid derivatives. 
5 I t has been described that skeletal muse le Tnl 

complexes with TnT a: about amino acids 4 0-3 0 of Tnl. 
See Pc::er, J. 2. et al. (1995) A Direct Regulatory Role 
:f Troponin T and a Dual Role for Troponin Z in the 
Ca ^ - Regulation of Muscle Control. Journal of 
10 Biological Cheoiiscry 270 (6) 2557-2562. Thus, it is 

proposed that tne homologous site on c'Tr.I would ce 
useful for ecu cling. Preferably, Tnl and TnT are 
added in approximately equimoiar ratios. The amounts 
may be from C . Z 2 mg/ml to 5 mg/mL. It is important 
15 tnat the imr.: n : 1 z :: it a 1 site not oe altered. -t shtul:: 

be unoersiooa tnat tne ectitopic site v/ill vary 
-ecennnr :n tne antibor-y use:; in tne assay. Tne 
::e r.e r a a _ : : : a n t ibo :i i e s is oesaiibeu in - h a an., : r 
exavyVe. ay E : :: : r et ai., ? 2 I e ve " : pmer. t :: 

20 Mr a:::::a: Ant ic tales for an Assay : f 2 a r :: i a c Trope niu- 

I ana Preliminary Results in Suspected Cases cf 
Myocardial Infarction , Clinical Chemistry 38 (11! 
2203-2214. In addition, several methods that assay for 
troponin I or T are commercially available. 
25 -The present invention uses a defined base 

material useful as a control matrix for containing 
and maintaining the troponin complexes, the base 
material comprising an aqueous solution of a 
buffer to maintain the pH at 5-8, ant i-microbial 
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agents and may contain other scabiiizsrs including 
calcium ions cr proteins. 

The defined base material may be utilized co 
prepare siock solutions and concrois including 
troponin I or troponin I f ragraems, troponin I cr 
crcponir. I fragments completed with Troponin C or 
troponin Z ccnpiexed with troponin T. 

Tne resulting solution can be score: as a 
liquid cr frozen or also can be lycphiiized if 
appropriate fillers are included. 

It is preferred to prepare a stock s o 1 u 1 1 o n 
at hicner concentrations of troponin I and/or 
troponin T than those that will ce utilized in the 
final 15 s a y control. The stock can be stored 
frozen :: lyopnilizeo and thawed cr reconstitute! 
vhe:\ necessary to prepare the appropriate 
d i - o t i : :o ~ : f :::.::;!= : r o a 1 1 o r a 1 1 ; n standards. 
1 h - on- : ; c . e :•: e s prepare - : as o e 5 :* r ; o e ..: a o : " a 
: :; - . :: ■ :;.r:e- e a n i int- a:-. a p p r ~ o : _ ^ i - 
aiti: :::*.* a 1 e n i. j o .: p _ i :\ o . 

The aqueous soiutio-n used to prepare the stock and 
controls may include a buffer and the buffer may 
generally be any of the buffers that function in the pH 
range of 5 to 3. Of these buffers, the buffers that 
are preferred function are in the pH range of 5-3. The 
concentration of buffer is between 10 mM to 200 rruM . It 
is preferred to keep the buffer concentration lower - 
in the range of 20-100 mM. Preferably, the buffers 

used for the calibrators or controls contain bovine 
serum albumin (BSA) . In certain embodiments the buffer 
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contains, SSA, sugars, salt and an antibacterial agent. 
Examoies of useful buffers include HEPS, ME 3 or TRIS 
buffers. A preferred buffer comprises ME 5 buffer 
containing 6.5% 3S A, at pH 6-7. Other preferred 
buffers concern a reducing agent, stabilizing protein, 
chelating agent and a salt as described in the 
copending apcliracion U.S. S.N. 03/400, 153, incorporate.; 
herein by reference. 

Alternatively, instead of a buffer, the 
fragments are spiked into the serum, e.g., human 
or bovine, or into diluted serum, e.g., serum 
dilutee 1:1 v;ith MES buffer containing 5 S A . 

Anti-micrtbial and ant i- rungs i agents may be 
added to orevent growth and may include tnose 

, f 7 ; :r. ana oritr art at tne 

ccr.rer.iratitr.s fauna in tne cr::: art suth as 
_ -j _ - ~ r i m a t : 1 e , s t :i i u m a 1 1 a a , 

-■::savu: , a ;\ v e r a = a 1 , Y :.:vv. aaa .:■ r rrr.jiLr. .: . . 
t r . a a i v a . i ; - - s a a a ".. _ 1 1 r. y l -■ - - - - - 

20 all- ~tr., = -•-.". , DVilalcuRi::, = r = ase_r. "ay ce 

ir.ciuded. The concentration of stabilizing protein 
may be from 0 to 15% and preferably from 7 to 12%. 
Preferably the stabilizing protein is albumin and 
preferably the albumin is substantially protease 
25 free. 

It is preferred that the solution have low 
protease activity, thus protease inhibitors such 
as aprotinin and " Protease : Inhibitor" (Sigma) are . 
effective. However, the use of the recombinant 
30 fragments as described herein are not as sensitive 
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to protease activity as is the full length 
protein. 7ne inhibitors may be added and may be 
used a~ "he manufacturer's recommended 

5 Examples r f other protease inhibitors include 

benzanidme, -.15,. 3R) -3-Arnino-2-hydroxy-5- 
me thy 1 hex an oy 1 ;■ -Val-Val-Asp ; Amastat in -3 ia^a ) , 
f 25, 3n; - 3 - r. : - 1 - hyc roxy - 4 - f 4 - n i t r opheny i 1 - 
butanoyl-L-ieuome, Antipain, [25, 3xj -3-Amino-2- 

10 hydroxy-5-rtetnylhexanoyl } -7al-val-Asp 

dp taxes :a:-r.-5;:na) , ( [2?., 2?>] - 3 -Ami no -2 -hyd roxy- 
4 -pr.er.ylcu; ant yl : -L- leucine ( Ep ibe s t a t i r. -S igma ; , 
Ft roxym t thine , Aoetyl-Leu-Leu-Arc-ai ' ieupept ;n- 
5;:ia ■ , 4 - r. t - 2 - hy dr oxy - 6 -me t hy i -hep t anc ic arid, 

15 -i-.--.ir. : - : -tyrr rxy- c-m ethyl hec tart i r arid, n- a- 

".h arrn : z y r a r : 5 y 1 1 xy-r.y dr : xyph o 5 t h i r.y 1 -Let-Trp a r. d 
t:\ar.vl ramane s-Lfcr.yl -trite ?:-!5".-. It ia 
::. r s ~: o r e : a r r a :: t r. a t r r. e ::.e ant r r t r : \* 1 1 a a 
3i:~:;i:*t-:.-; c r ; t e a s e :ree s : - - t _ ~ : . is t: us- 

20 autarar. tialiy err tease free prttetna sucn as 

albumin which is substantially protease tree. 

5 e rum may be included if desired. Again, the 
use of fragments that are similar to the 14,000 Kd 
fragments substantially eliminates the concerns of 

25 proteases . 

Controls prepared by this method may be 
iycphiiized by adding those bulking agents that 
are kncvm in the art, but the controls may also be 
liquid. In addition, the liquid controls may be 

30 frozen to further increase shelf-life. 
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Currently used assays for detecting cTnl and 
cTnT in ME p£:ie:.: se rum utilize a sandwich assay. 
However, :he oompiexes of the present invention can 
also be usee to design competitive-type assays for the 
detection of oTnl or cTnT in serum. In such an assay, 
a subsatura t amount cf antibody to cTnl or cTnT is 
bouni to a s a 1 1 c phase, e.g., a micrctiter plate or 
late:-: beads. Tne oompiexes of the present invention 
are labeled, e.g., with alkaline phosphatase, or 
horseraoish peroxidase. A constant amount of the 
labelec complex is mixed with the sample of MI patient 
serum containing an unknown amount- of cTn I and '''or cTnT . 
Tne test sample _ s then allowed to bind to the 
subs aturaung amount of oTnl and/or cTnT antioody bound 
t: a 5:1::: pnase. The cTnl and/or cTnT m tne sample 
w ill :::.:e:e w i t h in e laceleu cor.c le>; f : r cm tunc w 1 1 n 
tne an 1 1 z : :; /- o : a t e :: solid pnase. T:\baana c::::.:i are 

re: .*e a z " uasr.it:: and the a:ttun: :f la tele:: :::::: le:-: 

r :.::. a t _ tne s ; 1 : :; pnase- is me a s - r e a . Tne am:::.: : : 
iaoelea otmplex c:unti to the antibody on the soli:: 
pnase mcicates tne amount of cTnl or cTnT present ±r. 
the serum. If the serum contains a high concentration 
of cTnl or cT.nT , it will compete effectively with the 
labeled complex and little or none of the labeled 
complex will oind the antibody-coated solid phase. 

Changes in some amino acids of the fragments of 
Tnl, TnT , and TnC might not affect their performance 
except those occurring at the epitope (s) where the 
specific assay antibodies bind and those amino acids cf 
the binding domains for TnC. The affects can readily 
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be determine:! by gel electrophoresis and immunological 
analysis of prepared complex. 



i:-:a^cie 1 

5 Preparation c f a defined case material for cardiac 

ma r ker s . 

Antioxidants such as 200 milligrams of 
glu ta ;:r.e, 21 j milligrams cf glucose, 50 mgs cf 
ascorbic acid, and 1.1 milliliter of phenol, about 
10 2." grams of L-Lactate, about 225 milligrams of 

calcium cnioride or other calcium salt to provide 
1-3 miM ca.cium ion, an t i -mi c rob i a 1 and anti-fungal 
agents such as about 20 milligrams cf 
chlcrc nmaccle, 35 milligrams cf gentamitin, and 



15. a c : t ~_ .mill-liter 



c_in aoauc :: z trams 



1 ~ ' f :: e 1 a c i n 



a . .-: : : t :\t a _:\ a s a . 



20 prrvice a -I tut : r.~ liter of case material. 

It is best to add the gelatin in solution by 
dissolving the gelatin by adding 1 gram of gelatin 
to 100 milliliters of water and gently heating to 
dissolve the gelatin. Then the gelatin containing 

25 solution is added to the base material. 

The resulting solution is filtered using 
filters sufficient to remove any bacteria such as 
a .22 micron filter. A lev; protein binding filter 
is preferred. 

30 
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Example 2 

Cro3S-Lin!<inc of Troponin I and Troponin T 
Preparation c: troponin I stock solution and 
controls . 

The cress - 1 inking was acccT.pl ished using - he 
IDC method described by Greaser and Gergeiy 
:i?71». To 2C mM Mes buffer at pH 6 containing C.l 
M Y.Z 1 , :.2 ml-: Z a Z I , freshly prepared NHS at 5. 7 
-T.M final concentration was addec followed by 
addition of TnC to provide 0.2 .to / mi . The mixture 
was incubated at room temperature for 15 minutes. 
Tne TnC was activated by addititn of 5.7 rr.M ETC 
final concentration) followed by incubation at 
r.r :n temperature for 30 minutes. The activation 
star was terminate:: bv i:r. :: [3 

me r : ap t : a t n a n : 1 .21 ml! final concentration; . Tne 
ITi-rTrO :s: Tnl 13 1: m ?TT cuffer was 

a::::e;: at a fina".. 1 1 n ten t r 1 1 : n :: >."."" m:r'mi. . 
:ne m: :•: t re v. a a i :m a t a fir tw : :.:urs at 
temperature. One complex ls cuffer exihanaed. 
Tne activity tf the crossed linked complex was 
measured using Stratus Tnl immunoassay. The 
presence of a covaient cross-linked complex was 
confirmed on o o 1 y a c r y 1 ami ae gel electrophoresis. 
The resulting complex is less sensitive to 
environment, including temperature than native 
complex. The resulting stock solution is sterile 
filtered using low protein binding filters of 0.22 
microns or less. The stock solution may be stored 
frozen at -20° C for longer than two years. The 
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stock solution may be stored at 2-8° C for more 

char, ore week. 

The s:ock solution is used :c prepare diluted 
solutions of crcpor/ln r the clinical range of 

inheres- about 7 to 2CQ ng/mL) by ciiuting the 
s t c a k s z _ u t ion i n che defined base mace rial 
precarec m Example 1 or other base material. 

I x ample 2 

Stability and I — unolcqical Activity of the 
Covalenclv Tcuplea Conplex. 

Various aiiquots representing different 
z : n cent rat i ans : f troponin I complex prepared in 
Example 1 ~ f the diluted stock solution- were 
ataret at 'u;.:..i temperatures. The alizrurts ■.•/ere 

nalyte:: : :' a .rtratus '7 7 7~man 7 as say anal y tar : : : 
t r : :: * n : " 7 t : :\ : e t r a t . 7 n e : n a n :: in 

t a - * -o a e *.* a _ a t e ".: : a- r 7 a me . 7 . :: re 
■ t: - a 7 7 / 7 7,. :: a 7 7 

i i lute:: a t 7 a -: IE n::or.i anai 4 I ro/ml :: troponin 
I; of the aompiex stored at 45 C. The aiilucicns 
are stable for greater than three weeks at 45 C. 
Figure 4 shows a 23 ng/mL solution was evaluated 
for scabiiicy at 4C, 25C, 37C, and 45 C and was 
stable for at least six weeks at ail temperatures. 
Figure 5 shows the stability of the complex when 
prepared with three different lot numbers of 
commercially available TnC . Ail lots were stable 
for over 10 days at 45 C. A full length rTnl-TnC 
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complex was also prepared. The stability of the 



cross-Li 



n >ed : or.ciex a- 4 5 C is shown in Figure 6. 



Example 4 

5 Indepencer.ee of the ccnolex on calcium ion. 

Poivacry lamide eels of the complexes were 
evaluated. Lanes 2-4 snow the elect rcphoretic 
partem s: ccvalently linkec r I n I - 1 5 3 : T n ■ - complex 
m the presence of EDI A ia metal chelator) . Lane 
10 5 shows a non covalently linked rTr.I - i 5 3 : TnC 

comoiex m the absence of EDTA . Lanes 6-7 show he 
eiectr tcnoreti z pattern of non covalently linked 
rTnI-153 :Tr.C complex :n the presence of EOT A . The 
aisaocearanie of the upper band :f complex is 
15 evident tn Lanes c-7, cut ntt Ln Lanes 2-4. Lane 5 

is Tn3 . See , "icure ~ . 
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Example 
Precar: 



roocnir. 



is sues z l cucec z 
scoc-t s:l'::ic" a 
:f in ceres* 

a 3 5 a v :: rr~ie r c i a 1 



a repealed excecc that troconin T 
or the troponin I. Aiiquots cf 
re diluted cc c he clinical range 

0.01 rvg/mL co 10 r.g/mL. The 
analyzed for irr-nuno log ica i 

troponin T assay such as chac 
1 ■/ available from Boehrinaer 



10 




20 



as described - r. Examole 5. 
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We clai": 

A compo5iLi.cn for use in an. assay r:r the 
5 :e:enina:;cr. of the presence or concent: ration of 

:a:dia: trcpcnin I the composition comprising: a 
temp lex of carcia: troponin I or a fragment 
thereof and troponin C or a fragment thereof 
wherein the cardiac troponin I is ccvaientiy 
10 coupled to one troponin C. 

1. The ocmccsiticn of claim 1 wherein che 
oomoositit-n .£ used as a diagnostic calibrator, 
contrtl tr reference material for cardiao troponin 
15 I - 

:. 7ne ocmc:siti ;n :f claim 1 v;:\e r e i n the 
ccmocsiti.:n _s .mir.o z 1 1 i ?. e :i on a s-b-strate wherein 
- - s -it 5 t i a t e 15 ..5-:; m a c t mt e t ■ t l ve assay for 
20 carcia: troccnm I. 

4. The compo sicion cf ciaim 1 wherein the cardiac 
troponin I and troponin C are ccvaientiy coupled 
using a water soluble carbcdiirnide . 

25 

5. The composition of claim 1 wherein the cardiac 
troponin I is recombinant . 

6. The composition of claim 5 wherein the cardiac 
30 croponln I is a fragment having substantially the 
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amino a:;c sequence of a CM Br fragment designated 
rTn.I-153 . 

7 - The ::~oos :::on of :iaiT. 5 wherein the cardiac 
5 .troponin I is a fragment of -he general sequence 

X-A-B-Y wherein X comprises any of amino acids I - 
2' of full -er.;:r. cardiac trc-pcnin I , A comprises 
residues l~z-c.r zz fuii Ur:::n caroiac troponin : , 
B memorises ammo acid residues "0-90 of fuii 
10 Length cardiac troponin I, and i comprises any 

sequential ammo acid sequence of amino acid 
residues ? 1 - 1 ~ 1 :: fuii ienrth cardiac troponin I. 



15 



20 



u 7 1 ■ 

an -J 



_ = 5 - L a : 



olaim 7 wherein X is ammo 
u__ lenoth cardiac troponin I, 
:: :r : ~ the rrouc cons i seine of 

:es i-i-no, 

. ~ f .. 1 i . a n t n j a r d "_ a c c r :■ t :: : 1 1 a 



5. A come c s 1 1 1 on for use in an assay for the 
deoerminat ion of the presence or concentration of 
cardiac troponin. T the composition comprising: a 
25 complex of cardiac troponin T or a fragment 

thereof and troponin C or a fragment thereof 
wherein the cardiac troponin T is covalently 
coupied to the troponin. C. 



SSOOCID: <WO 985421 9At> 



WO 98. 5421') 



PCTMJS9S/10 



10 



15 



20 



25 



36 

10. The composition of claim 9 wherein, the 
compos 1 1 1 
cent: r 
T . 



is used as a diagnostic calibrator, 
1 cr referer.ee material for cardiac troponin 



i. The composition of claim 9 wherein the 
composition is immobilized on a substrate wherei 
the substrate is use 
cardiac troponin T . 



in a competitive assay fcr 



12. The composition of claim 9 wherein the 
cardiar troponin T and troponin C are covaientl; 
-ouoied using a water soluble ca rbc di imi ce . 



"ne tempts it ion 



.f claim 9 wherein tne 



tarmar trtctn.n T is reto-omant . 



- , - : ~ c - :3 i-.i:n f:r use m a- assay c'-,r the 

-a-e -m mat _tn :i the presence :. r ten tent rat it:; 
rartiac trtPtnm T cr cartiat trtponm 1 the 
composition comprising: a complex of cardiac 
-ropor.in T or fragment thereof, cardiac troponin I 
or a fragment thereof and troponin C or a fragment 
thereof wherein the cardiac troponin T and cardiac 
troponin I are covalently coupled to the troponin 
C . 

15. The composition of claim 14 wherein the 
composition is used as a diagnostic calibrator, 
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control or reference material for cardiac troponin 
I or car^ia: troponin T. 

lc. The coup:s;:ion o : claim 14 wherein the 
5 comros l::::. is immobilized on a substrate wherein 

the subs-rate is used un a competitive assay for 
cardiac troponin I or cardiac troponin T. 

17. Tne c — pcsizion of claim 14 wherein the 
10 cardiac troponin Z , cardiac troponin T and 

ircpcnin C are ccvalentiy coupled using a wace: 
soluble caroodiimide. 

15. The i:mc:siticn of claim 14 wherein the 
15 :a::: = '? 1 is a fragment having 

sue s tar.t la 1 1 y the amir, t- = : : c: sequence c i a CN = r 
: : r - r. ~ ::es :: n a t e d rTni-132. 

1;'. T:\-_ /; : :::i . s : \ _ z n „■ : i_a_:r. 1-7 wr. erei:. en a 
20 lariiai I is a fragment :; tne general 

sequence h - A - E - 1 wherein X comprises any of ammo 
acids 1-27 of full lengch cardiac troponin I, A 
comprises residues 28-69 of full length cardiac 
troponin I, B comprises amino acid residues 70-90 
25 of full length cardiac troponin I, and Y comprises 

any sequential amino acid sequence of amino acid 
residues 91-170 of full length cardiac troponin I. 

20. A composition for use in an assay for the 
30 determination of the presence or concentration of 
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cardiac troponin T cr cardiac troponin I the 
corr.ocs i t ion c r~c :is: nq : a complex of cardiac 
crooonin T or rrac^ien: thereof and cardiac 
troponin I or a fragment thereof wherein the 
5 cardiac troponin T and cardiac troponin I are 

cove lent 1 y ecu? ied . 
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Amino Acid Sequences and comparison of SEQ ID NO. 1 

and SEQ ID NO. 2 





K-E-M-R-£-V-G-D-W-?.-K-N-I-D-A-L-5-G-M-E:-G-?.-r:-K-K-Fr 
K-E-N-R-E-7-G-D-W-?. -K-N-I -Q-A-L-S-G-M-E -G-R- K-K- K- F- 
210 

I 

E-S-P-M-V-H-H-H-H-H-H 
E-S 

I 

209 



FIG. 1 
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SEQ ID:3 



A-D-G-5-S-D-A-A-R-£-?-R-?-A-?-A-?-I-R-R-?--S-S-->:-Y-R-A-Y-A- 
T-£-?-H-A.-K-K-K-3-K-I-5-A-3-R-K-L-Q-L-K-T-L-L-L-Q-I-A-K-Q- 
£- L-El-R-E-A- £-=>?.- R-G-Z- K-G-R-A-L-S-7- R-C*-Q-?-L- E-L-T-G-L - 

V-T-K-M-I-T-E-I-A-G-L-T-Q-K-I-F-D-L-R-G-K-r -K-R-P-T-L-R-R- 
V-R-I-S-A-D-A-M 



c " = (cam'; =3 - ca rooxv arr. i cc rr.e chvlcvsreir.e 



FIG. 2 
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Stability of TnI-153:TnC Complex 
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Stability of TnI-153:TnC Complex 
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Stability of TnI-153:TnC Complex at 45°C 




FIG. 5 
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Stability of the crosslinked 
rTiiI:TnC Complex at 45°C 
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Eiectrophoretic Gels 




Lane: 2 3 4 5 6 7 8 



FIG. 7 
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